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Title of the Invention; 

METHOD AND APPARATUS FOR CONFIRMING THE CHARGE AMOUNT AND 
DEGRADATION STATE OF A BATTERY, A STORAGE MEDIUM, AN 
5 INFORMATION PROCESSING APPARATUS , AND AN ELECTRONIC 
APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

10 [0001] The present invention relates to a method and 
apparatus for confirming the charge amount' and degradation 
state of a battery, a storage medium, an information 
processing apparatus and an electronic apparatus that, based 
on a battery's charge and discharge characteristics, enables 

15 the charge amount and degradation state of the battery to 
quickly be estimated* The ^battery" as used herein 
encompasses batteries that include various active materials 
and/or rated voltages that can be repeatedly charged and 
discharged. 

20 Description of the Prior Art: 

[0002] To some degree, a battery has the property of 
reverting to its original charge amount when discharge is 
halted . This has made it difficult to estimate accurately 
the charge amount and degradation state of a battery by simply 

25 measuring the battery voltage and discharge current. If it 
is known that the discharge voltage and current arc extremely 
weak, it can be determined that the battery is at the end 
of its life. In general, in the case of batteries used in 
electric equipment, the discharge voltage and/or the 

30 discharge current is measured, and if it is found to have 
fallen below a certain level, that fact is shown on the LCD 
display of the equipment as a prompt to replace the battery. 
The life of a battery can be estimated to some extent by 
measuring the capacity of a battery that has been charged 
35 and/or discharged for an extended period (around one or two 
hours) • 



[0003] However, since a battery uses chemical reactions 
to generate electricity/ batteries having the same active 
material or rating can have different charge amounts and 
degradation state at any particular time, depending on the 
state in which each battery is kept and used, and the 
temperature and other environmental factors. As a result, 
even if the LCD display indicates that a battery has around 
half its charge or is half degraded, it is not unusual for 
the battery to suddenly become unusable. it has therefore 
been considered that it is not possible to display accurately, 
in a short time, the remaining charge and the degradation 
state of a battery. 

[0004] This inability to accurately gauge the remaining 
charge and degradation state of a battery has made it 
difficult to determine whether a battery is new or is one 
that has been repeatedly charged and discharged. Moreover, 
new batteries sometimes include ones that are degraded and 
have only a small charge amount, even after being charged. 
If someone with bad intentions buys a battery and repeatedly 
charges and discharges It, then tells the seller that it is 
defective although in fact it has just been degraded, the 
seller finds it difficult to refute the claim. 
[0005] An object of the present invention is therefore 
to provide a method and apparatus for confirming the charge 
amount and degradation state of a battery, a storage medium, 
an information processing apparatus, and an electronic 
apparatus that, by measuring different charge and discharge 
characteristics at a plurality of time points over a short 
time period, make it possible to stochastically measure the 
remaining charge amount and degradation state of the battery 
substantially accurately. 

SUMMARY OF THE INVENTION 
[0006] To attain the object, the invention provides a 
method of confirming battery charge amount and degradation 
state comprising the steps of measuring at a plurality of 
battery temperatures a cycle test battery in respect of one 



selected from battery open voltage, current and voltage 
during discharge, and current and voltage during charging 
at predetermined time intervals substantially until battery 
end of lif e, using measured values to generate a determination 
table showing relationships between prescribed charge 
amounts and prescribed degradation states, measuring a 
subject battery in respect of the same one selected from 
battery open voltage, current and voltage during discharge, 
and current and voltage during charging, and comparing 
determination table values with a measured value of the 
subject battery to confirm present subject battery charge 
amount and degradation state according to a determination 
table location where the values match. 

[0007] The invention also provides a method of confirming 
battery charge amount and degradation state comprising the 
steps of measuring at a plurality of battery temperatures 
a cycle test battery using measurements of at least two 
selected from battery open voltage,, current and voltage 
during discharge, and current and voltage during charging 
at predetermined time intervals substantially until battery 
end of life, using measured values to generate determination 
tables showing relationships in each case between prescribed 
charge amounts and prescribed degradation states, measuring 
a subject battery in respect of said at least two selected 
from battery open voltage, current and voltage during 
discharge, and current and voltage during charging, and 
comparing determination table values with each of measured 
values of the subject battery to confirm present subject 
battery charge amount and degradation state according to 
determination table locations of matching values, and 
simultaneously using an incidence of appearance at the 
determination locations resulting from the measured values 
to estimate present subject battery charge amount and 
degradation state. 

[0008] The method includes using as the battery open 
voltage, the average value of the measurements made at fixed 
time intervals. The method also includes measuring the 
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voltage and current during discharge in a constant current 
discharge circuit by measuring the battery voltage and then, 
after discharge starts, measuring the battery voltage a 
plurality of times at fixed time intervals while 
5 simultaneously measuring the discharge current a plurality 
of times at fixed time intervals. The discharge is then 
stopped and the battery voltage is measured a plurality of 
times at fixed time intervals. 

[0009] The method also includes measuring the battery 
10 voltage and current, and the time, in a constant current, 
constant voltage discharge circuit, by measuring the battery 
voltage, subtracting a predetermined voltage from the 
measured battery voltage to set a constant voltage discharge 
value, measuring how much time elapses from the start of 
15 discharge until the set constant voltage discharge value is 
attained, and, after the discharge is started, measuring 
discharge current a plural ity of times at fixed time intervals, 
then terminating the discharge. 

[0010] The method also includes measuring the current and 

20 voltage during constant current charging by measuring the 
battery voltage, starting the charging, measuring the battery 
voltage when the charge current is changed a plurality of 
times at fixed time intervals, and terminating the charging . 
[0011] The method also includes measuring the current and 

25 voltage during constant current, constant voltage charging 
by measuring the battery voltage, adding a predetermined 
voltage to the battery voltage to set a constant voltage 
charging value, starting the charging, measuring a time at 
which the set constant voltage charging value is reached, 

30 measuring the charge current a plurality of times at fixed 
time intervals, and terminating the charging . 
[0012] The ambient temperatures during measurements of 
the cycle test battery for creating the determination tables, 
and during measurement of the subject battery, are measured 

35 a plurality of times at fixed time intervals- 

[0013] The invention also provides, in an apparatus that 
confirms battery charge amount and degradation state in which 
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values of a determination table showing relationships between 
prescribed charge amounts and prescribed degradation states 
based on measurements, at a plurality of battery temperatures, 
of a cycle test battery in respect of one selected from battery 
5 open voltage, current and voltage during discharge, and 
current and voltage during charging at predetermined time 
intervals substantially until battery end of life, and a 
measured value of a subject battery in respect of the same 
one selected from battery open voltage, current and voltage 

10 during discharge, and current and voltage during charging, 
are compared and present subject battery charge amount and 
degradation state are confirmed according to a determination 
table location of matching values , an apparatus for measuring 
the open voltage of a battery, comprising at least a trigger 

15 signal circuit that generates a signal at fixed time intervals 
to operate a voltmeter, a timer for setting a time interval 
at which the trigger signal circuit generates the signal, 
and a counter for pre-setting a number of times the trigger 
signal circuit generates the signal. 

20 [0014] The invention also provides, in an apparatus thaL 

confirms battery charge amount and degradation state in which 
values of a determination table showing relationships between 
prescribed charge amounts and prescribed degradation states 
based on measurements, at a plurality of battery temperatures, 

25 of a cycle test battery in respect of one selected from baLLery 
open voltage, current and voltage during discharge, and 
current and voltage during charging at predetermined Lime 
intervals substantially until battery end of life, and a 
measured value of a subject battery in respect of the same 

30 one selected from battery open voltage, current and voltage 
during discharge, and current and voltage during charging, 
are compared and present subject battery charge amount and 
degradation state are confirmed in accordance with a 
determination table location of matching values, an apparatus 

35 for measuring battery current, voltage during discharge, 
comprising at least a trigger signal circuit that generates 
a signal at fixed time intervals to operate a voltmeter and 



an ammeter, a pulse-discharge generation circuit that 
discharges a battery at fixed time intervals, a timer for 
setting time intervals at which the trigger signal circuit 
generates the signal and the pulse-discharge generation 
circuit discharges the battery, and a counter for pre-setting 
a number of times the trigger signal circuit generates the 
signal and the pulse-discharge generation circuit discharges 
the battery. 

[0015] The invention also provides, in an apparatus that 
confirms battery charge amount and degradation state in which 
values of a determination tabic showing relationships between 
prescribed charge amounts and prescribed degradation tsLates 
based on measurements, at a plurality of battery temperatures, 
of a cycle test battery in respect of one selected from battery 
open voltage, current and voltage during discharge, and 
current and voltage during charging at predetermined time 
intervals substantially until battery end of life, and a 
measured value of a subject battery in respecL of the same 
one selected from battery open voltage, current and voltage 
durdng discharge, and current and voltage during charging, 
are compared and present subject battery charge amount and 
degradation state are confirmed in accordance with the a 
determination table location of matching values, an apparatus 
for measuring constant current, constant voltage discharge 
of a battery, comprising at least a trigger signal circuit 
that generates a signal at fixed time intervals to operate 
a voltmeter and an ammeter, a constanL current, constant 
voltage discharge circuit that discharges a battery at fixed 
time intervals, a timer for setting the time intervals at 
which the trigger signal circuit the signal and the constant 
current, constant voltage discharge circuit discharges the 
battery, a counter for pre-setting the number of times the 
trigger signal circuit the signal and the constant current, 
constant voltage discharge circuit discharges the battery, 
and a time-measurement circuit for measuring the time from 
the start of discharge to a set fall in voltage. 
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[0016] The invention also provides, In an apparatus that 
confirms battery charge amount and degradation state in which 
values of a determination table showing relationships between 
prescribed charge amounts and prescribed degradation states 
5 based on measurements, at a plurality of battery temperatures, 
of a cycle test battery in respect of one selected from battery 
open voltage, current and voltage during discharge, and 
current and voltage during charging at predetermined time 
intervals substantially until battery end of life, and a 

10 measured value of a subject battery in respect of the came 
one selected from battery open voltage, current and voltage 
during discharge, and current and voltage during charging, 
are compared and present subject battery charge amount and 
degradation state are conf irmed in accordance with a 

15 determination table location of matching values, an apparatus 
for measuring current and voltage during battery charging, 
comprising at least a trigger signal circuit that generates 
a signal at fixed time intervals to operate a voltmeter and 
an ammeter, a constant current, constant voltage charging 

20 circuit that charges a battery at fixed time intervals, a 
timer for setting the time intervals at which the trigger 
signal circuit generates the signal and the constant current, 
constant voltage charging circuit charges the battery, and 
a counter for-pre-setting the number of times the trigger 

25 signal circuit the signal and the constant current, constant 
voltage charging circuit charges the battery. 
[0017] The invention also provides, in an apparatus that 
confirms battery charge amount and degradation state in which 
values of a determination table showing relationships between 

30 prescribed charge amounts and prescribed degradation states 
based on measurements, at a plurality of battery temperatures, 
of a cycle test battery in respect of one selected from battery 
open voltage, current and voltage during discharge, and 
current and voltage during charging at predetermined time 

35 intervals substantially until battery end of life, and a 
measured value of a subject battery in respect of the same 
one selected from battery open voltage, current and voltage 



during discharge, and current and voltage during charging, 
are compared and present subject battery charge amount and 
degradation state are confirmed in accordance with a 
determination table location of matching values, an apparatus 
5 for measuring constant current/ constant voltage charging 
of a battery, comprising at Least a time-measurement circuit 
for measurement of time from start of charging to a set rise 
in voltage, a trigger signal circuit that generates a signal 
at fixed time intervals to operate a voltmeter, an ammeter 

10 and the time-measurement circuit, a constant current, 
constant voltage charging circuit that charges a battery at 
fixed time intervals, a timer for setting time intervals at 
which the trigger signal circuit generates the signal and 
the constant current, constant voltage charging circuit 

15 charges the battery, and a counter for pre-setting the number 
of times the trigger signal circuit generates the signals 
and the constant current, constant voltage charging circuit 
charges the battery, 

[0018] The invention also provides, in an apparatus that 

20 confirms battery charge amount and degradation state in which 
values of a determination table showing relationships between 
prescribed charge amounts and prescribed degradation states 
based on measurements, at a plurality of battery temperatures, 
of a cycle test battery in respect of one selected from battery 

25 open voltage, current and voltage during discharge, and 
current and voltage during charging at predetermined time 
intervals substantially until battery end of life, and a 
measured value of a subject battery in respect of the same 
one selected from battery open voltage, current and voltage 

30 during discharge, and current and voltage during charging, 
are compared and present subject battery charge amount and 
degradation state are confirmed in accordance with a 
determination table location of matching values, a thermistor 
apparatus for measuring the internal and surface temperatures 

35 of a battery located in proximity to the thermistor apparatus, 
comprising at least a trigger signal circuit that generates 
a signal at fixed time intervals to operate a resistance meter, 
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a timer for setting time intervals at which the. trigger signal 
circuit generates the signal, and a counter for pre-setting 
the number of times the trigger signal circuit generates the 
signal. 

5 [0019] The invention also provides a storage medium in 
which are stored a program of the above-described method, 
and the determination table or tables. 

[002 0] The invention also provides an information 
processing apparatus that uses the Internet to download a 

10 program of the method, together with determination table data. 
The information processing apparatus includes one that 
includes a read-only memory (ROM) containing the program of 
the method and the determination table data. 
[0021] The invention also provides an electronic 

15 apparatus that includes a ROM containing the program of the 
method and the determination table data . 

[0022] Thus, as described in the foregoing, in accordance 
with this invention, confirmation of battery charge amount 
and degradation state is effected by measuring a cycle test 

20 battery at predetermined time intervals substantially until 
the battery end of life, using determination table or tables 
showing the relationships between prescribed charge amounts 
and prescribed degradation states as a basis for predicting 
the amount of the charge in a battery and estimating the 

25 battery's degradation state. Therefore, with one measurement, 
it is possible to stochastically establish the remaining 
charge amount and the degradation state of the battery 
substantially accurately. 

[0023] Further features of the invention, its nature and 

30 various advantages will be more apparent from the 
accompanying drawings and following detailed description of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 [0024] Figure 1 is a block diagram illustrating the 
general configuration used for confirming the current amount 
of charge and degradation state of a battery, in accordance 
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with an embodiment of the present invention. 

[0025] Figure 2 is a block diagram for explaining details 

of the embodiment of Figure 1. 

[0026] Figure 3 shows a discharge voltage measuring 
5 circuit of the invention, and battery voltage and discharge 
current . 

[0027] Figure 4 shows a circuit for measuring current, 
voltage during discharge according to the invention, and 
battery voltage and discharge current. 
10 [0028] Figure 5 shows a circuit for measuring current, 

voltage and time during constant current, constant voltage 
discharge according to the invention, and battery voltage 
and discharge current. 

[0029] Figure 6 shows a circuit for measuring current and 

15 voltage during constant current, constant voltage charging 
according to the invention, and battery voltage and charge 
current. 

T0030] Figure 7 shows a circuit for measuring current, 

voltage and time during constant current, constant voltage 
20 charging according to the invention, and battery charge 
voltage and charge current. 

[0031] Figure 8 is a diagram of a circuit for measuring 
the internal and surface temperature of a battery, according 
to the invention. 
25 [0032] Figure 9 is a flow chart for explaining the 

invention. 

T0033] Figure 10 is a diagram for explaining an open 

voltage determination table of the invention, generated using 
the results of open voltage measurements, 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0034] The invention provides a method for confirming the 

charge amount and degradation state of a battery in which 
the battery's charge and discharge characteristics can be 
35 used to predict the battery's presont charge amount and to 
estimate its degradation state. First, at a plurality of 
low, ordinary and high temperatures, a cycle test bdLLery 
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is repeatedly measured in respect of one selected from battery 
open voltage, current, voltage during discharge, and current, 
voltage during charging at predetermined time intervals 
substantially until the end of the life of the battery. 
5 [0035] The measured values thus obtained are used to 
generate determination tables of relationships between 
prescribed charge amounts (for example, charge amounts 
ranging from 0% to 100% at 10°C to 40°C) and prescribed 
degradation states (for example, degradation sLates ranging 
10 from 0% to 100* at 10°c to 40°c) . That is, in the determination 
table, for each temperature range (low, normal, high), the 
measurement results are arranged in a matrix that shows the 
charge amount along the X-axis and the degradation state along 
the Y-axis. 

is [003 6] Next comes a measurement of the open voltage, 
current, voltage during discharge, or current, voltage during 
charging of a subject battery at a low, normal or high 
temperature; this is a single measurement, made using the 
same method. The measured value is then compared with the 

20 determination table values. This makes it possible, with 
just one measurement, to predict the present charge amount 
and to estimate the degradation state of the battery according 
Lo the location of the matching values in the determination 
table- Since the determination table values are actual 

25 measured values, the same numerical values appear in a 
plurality of locations. 

[0037] While the above description is made with reference 
to selecting just one among open voltage, current, voltage 
during discharge, and current, voltage during charging, the 

30 invention is not limited thereto. Instead, two or more may 
be selected for measurement and the results similarly 
compared with determination table values. That is, with 
respect to the cycle test battery, at least two measurement 
methods may be selected from among open voltage, current, 

35 voltage during discharge, and current, voltage during 
charging, and implemented at predetermined time intervals 
substantially until the end of the battery life, and the 



values thus obtained used to generate determination tables. 
The same measurement is conducted once on the subject battery 
and the result compared with the values in the determination 
table generated using the data obtained by the above 
measurement methods. 

[0038] Based on the locations of matching values in the 
determination table, the present charge amount and 
degradation state of the battery can be confirmed, in addition 
to which the incidence of the measured value locations in 
the determination table enables the present charge amount 
of the subject battery to be predicted and the degradation 
State estimated in just a short time. If, for example, there 
is one 80% charge location, two 703 charge locations and three 
2 0% degradation locations, the charge amount is 75% (more 
precisely, 73.33..%) and the degradation is 20%. Accuracy 
can be increased by i ncreasing the types of measurement method, 
and by using determination table locations to calculate 
probabilities, 

[0039] The method also comprises measuring the battery 
open voltage a plurality of times at fixed time intervals 
and dividing the results by the number of measurements to 
obtain an average value. The time required to predict the 
remaining charge and estimate the degradation can be 
shortened depending on where in the determination table the 
average value 1s located, 

[0040] The method also comprises measuring the battery 

voltage in a constant current discharge circuit by measuring 
the battery voltage, and then, after discharge starts, 
measuring the battery voltage a plurality of times at fixed 
time intervals while simultaneously measuring the discharge 
current a plurality of times at fixed time intervals. Then, 
after stopping the discharge, the battery voltage is measured 
a plurality of times at fixed time intervals. 

[0041] The method also comprises measuring the battery 

voltage in a constant current, constant voltage discharge 
circuit, and subtracting from the measured battery voltage 
a voltage that is predetermined according to the battery type 
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and rated voltage to set a constant voltage discharge value . 
Discharge is then started, and the time from the start of 
discharge until the set constant voltage discharge value is 
attained is measured. Starting from the initiation of the 
5 discharge/ the discharge current is measured a plurality of 
times at fixed time intervals, after which the discharging 
is terminated. 

[00421 The method also comprises measuring the battery- 
voltage and current when the charge current is changed a 
10 plurality of times at fixed time intervals, with the current 
and voltage being measured each time, after which the charging 
is terminated. 

[0043] The method also comprises measurement of Lhe 

current and voltage during constant current, constant voltage 

15 charging by adding to the battery voltage a voltage that is 
predetermined according to battery type and rated voltage 
to set a constant voltage charging value. Charging is Lhen 
started, and the time from the start of the charging until 
the set constant voltage charging value is attained is 

20 measured. The charge current is measured a plurality of Limes 
at fixed time intervals, and charging is then Lerminated. 
[004 4] Although in the foregoing the method is described 
only with reference to a subject battery, cycle test battery 
measurement, the same kind of method is used to measure cycle 

25 test batteries until the battery end of life, and the results 
are used to generate determination tables. The ambient 
temperatures during cycle test battery measurements for 
creating the determination tables, and measurement of the 
subject battery, are measured a plurality of times at fixed 

30 time intervals. 

[0045] The invention also provides an apparaLus that 
confirms a battery charge amount and degradation state, based 
on the above method. The apparatus includes a voltmeter, 
a trigger signal circuit and a timer. The voltmeter is 

35 connected to a cycle test battery or subject baLLery in an 
open state. The trigger signal circuit is connected to the 
voltmeter, which is operated by a signal generated by the 
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trigger signal circuit at fixed time intervals. The timer 
sets the fixed time intervals at which the signal is generated 
by the trigger signal circuit, A counter can be provided 
to pre-set the number of times the signal is generated by 
5 the trigger signal circuit. Thus, the apparatus measures 
the open voltage of a cycle test battery or subject battery 
at fixed time intervals set by the timer, and conducts the 
measurement the number of times set by the counter. The simple 
circuit configuration enables the apparatus to be made very 
10 small. 

[0046] The apparatus also comprises a voltmeter, an 
ammeter/ a trigger signal circuit, a timer, a counter and 
a pulse-discharge generation circuit* The voltmeter and 
ammeter are connected to a cycle test battery or subjecl 

15 battery for measurements. To measure the battery current, 
voltage during discharge, the trigger signal circuit operaLes 
the voltmeter and ammeter by generating a signal at fixed 
time intervals- The pulse-discharge generation circuit 
generates a signal to discharge the batLery at fixed time 

20 intervals, a timer for setting time intervals at which signals 
are generated by the trigger signal circuit and the 
pulse-discharge generation circuit, and a counter for 
pre-setting a number of times the signals are generated by 
the trigger signal circuit and the pulse-discharge generation 

25 circuit. The timer sets the fixed time inLervals at which 
signals are generated by the trigger signal circuit and Lhe 
pulse-discharge generation circuit. The counter is used to 
pre-set the number of times the signals are generated by the 
trigger signal circuit and the pulse-discharge generation 

30 circuit. This configuration thereby makes it possible to 
measure the battery voltage and discharge current of a cycle 
test battery or subject battery at fixed Lime intervals. 
[0047] The apparatus also comprises a voltmeter, an 
ammeter, a trigger signal circuit, a Limer, a counter, a 

35 constant current, constant voltage discharge circuit and a 
time measurement circuit. The voltmeter and ammeter are 
connected to a cycle test battery or subject battery for the 



- 15 - 



measurements. To measure the constant current, constant 
voltage discharge of the battery, a signal to operate the 
voltmeter and ammeter is generated at fixed time intervals 
by the trigger signal circuit- The timer is used to set the 
5 fixed time intervals at which signals are generated by the 
constant current r constant voltage discharge circuit. The 
counter is used to pre-set the number of times signals are 
generated by the trigger signal circuit and the constant 
current, constant voltage discharge circuit. The constant 

10 current, constant voltage discharge circuit is controlled 
by means of the timer and the counter to discharge the baLLery 
at the fixed time intervals* The time measurement circuit 
measures the time from when the discharge is started by the 
trigger signal circuit until there is a set fall in the 

is voltage. 

[0048] The apparatus also comprises a voltmeter, an 
ammeter, a trigger-signal circuit, a Limer, a counter and 
a constant current, constant voltage charging circuit. The 
voltmeter and ammeter are connected to a cycle test battery 

9.o or subject battery for the measurements. To measure the 
constant current, constant voltage charging of the battery, 
a signal to operate the voltmeter and ammeter is generated 
at fixed time intervals by the trigger signal circuit. The 
constant current, constant voltage charging circuit charges 

25 the battery at fixed time intervals. The timer is used to 
set the fixed time intervals at which signals are generated 
by the trigger signal circuit and Lhe constant current, 
constant voltage charging circuit. The counter is used to 
pre-set the number of times the signals are generated by the 

30 trigger signal circuit and the constant current, constant 
voltage charging circuit, 

[004 9] The apparatus also comprises a voltmeter, an 
ammeter, a trigger-signal circuit, a timer, a counter, a 
constant current, constant voltage charging circuit and a 
35 time measurement circuit* The voltmeter and ammeter are 
connected to a cycle test battery or subject battery for the 
measuremeriLs . The time measurement circuit measures the time 
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from the stiart of the discharge to a set rise in the voltage. 
The voltmeter, ammeter and time measurement circuit are 
operated by a signal generated at fixed time intervals by 
the trigger signal circuit. The constant current, constant 
voltage charging circuit charges the battery at the fixed 
time intervals. The timer is used to set the fixed time 
intervals at which signals are generated by the trigger signal 
circuit and the constant current, constant voltage charging 
circuit, and the counter is used to pre-set the number of 
times the signals are generated by the trigger signal circuit 
and the constant current, constant voltage charging circuit* 
[0050] The apparatus also includes a thermistor located 
in proximity to the cycle test battery or subject battery. 
The thermistor can, for example, be affixed Lo the battery 
surface with an adhesive. The apparaLus for measuring the 
internal and external temperature of the battery comprises 
a trigger signal circuit that operates a resistance meter 
by generating a signal at fixed time inLervals, a timer for 
setting the time intervals at which the signals are generated 
by the trigger signal circuit, and a counter for pre-setting 
the number of times the signals are generated by the trigger 
signal circuit. Thus, the Lrigger signal circuit operates 
the resistance meter by generating a signal at fixed time 
intervals, the timer sets the time intervals at which the 
signals are generated by the Lrigger signal circuit, and the 
counter sets the number of times the signals are generated 
by the trigger signal circuit. 

[0051] Regarding the measuring for confirming battery 
charge amount and degradation state, measurements on the 
cycle test battery are run until the battery end of life. 
The subject battery is measured a plurality of times; 
increasing the number of measurements improves the accuracy. 
To generate determination tables, measurements on cycle test 
batteries are conducted at low, normal and high temperatures, 
and measurement results from a subject battery are compared 
with the table data in the temperature category corresponding 
to the temperature at which the subject battery measurements 
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were made. 

(0052] The storage medium according to the invention is 

used to store a program of the method of confirming battery 
charge amount and degradation state, and determination table 
data on which are based determinations relating to charge 
amount and degradation state of a subject battery. The 
storage medium, sold or provided by battery retailers, can 
be used to readily predict the current battery charge amount 
and estimate the degradation state of the battery. 
[0053] The information processing apparatus according to 

the invention uses the Internet to download a program of the 
method of confirming battery charge amount and degradaLion 
state, together with determination table data on which are 
based determinations relating to charge ampuriL and 
degradation state of a subject battery. Vendors can use their 
own information processing systems to download the program 
and data to thereby provide a more suitable service. The 
information processing apparatus can be one that includes 
a ROM containing the method program and determination table 
data. 

[0054] The electronic apparatus according to the 
invention includes a ROM containing the program of the method 
of confirming battery charge amount and degradation state, 
together with determination table data on which are based 
determinations relating to charge amount and degradation 
state of a subject battery- A portable such apparatus can 
be used that is provided with the ROM to enable present charge 
amount and degradation state to be shown on the display of 
the apparatus . 

[0055] The method of confirming battery charge amount and 
degradation state will now be described with reference to 
the drawings ♦ 

[0056] Figure 1 is a block diagram illustrating the 
general configuration for confirming the current amount of 
charge and degradation state of a battery, in accordance with 
an embodiment of the present invention. This example is 
explained with reference to a lithium-ion battery. With 



- 18 - 

reference to Figure 1, the method of confirming the current 
battery charge amount and degradation state uses at least 
one, or a plurality, selected from among measurement A for 
measuring open voltage, measurement B for measuring constant 
5 current discharge characteristics, measurement C for 
measuring constant current, constant voltage discharge 
characteristics, measurement D for measuring constant 
current charging characteristics, and measurement E for 
measuring constant current, constant voltage charging 
10 characteristics- Due to the fact that batteries are comprised 
of active substances, including chemical substances, 
measurement T for measuring battery internal and surface 
temperatures is required. 

[0057] As described below, measurement A is conducted a 

15 plurality of times at fixed time intervals and the results 
are stored in a temporary storage apparatus (not shown) . 
In order to confirm the discharge state of the battery, 
constant current discharge mode B is used to measure the 
battery voltage and battery discharge current, and the 

20 results are stored in the temporary storage apparatus ♦ To 
confirm the degradation state of the battery, constant 
current, constant voltage discharge mode C is used to measure 
the battery voltage, battery current, and Lime, and the 
results are stored in a temporary storage. 

25 [0058] To confirm the charge state of the battery, 

constant current charging mode D is used to measure the 
battery voltage and charge current, and the results are 
temporarily stored. To confirm the battery charge state, 
constant current, constant voltage charging mode E is used 

30 to measure the battery voltage, battery current, and time, 
and the results are stored in a temporary storage. Since 
a battery uses active reactions of chemical substances to 
generate electricity, measurement T is used to measure the 
battery internal and surface temperatures, and the results 

35 are used as data for an overall determination, described below. 
The above results are compared with the table data for a 
primary determination. The primary determination results 



are subjected to probability calculations, which provide an 
overall determination that enables the present charge amount 
and degradation state of the battery to be estimated* 
fOOS9] Figure 2 is a block diagram for explaining details 
of the embodiment illustrated by Figure 1* With reference 
to Figure 2, a cycle test battery is measured to obtain data 
used to generate determination tables, or a subject battery 
is measured. Measurement means 211 is used to measure open 
voltage, measurement means 212 is used to measure current, 
voltage during discharge, measurement means 213 is used to 
current, voltage during charging, and measurement means 214 
is used to measure the internal and surface temperatures. 
Measurement means 211 to 214 are used for measurements of 
the cycle test battery 21, which continue until the battery' s 
end of life is reached; the measurement results are stored 
in a temporary storage means 215, The subject battery 22 
is measured by each of the measurement means 211 to 214 and 
the results are stored in the temporary storage means 215. 
[0060] Figure 3 shows a discharge voltage measuring 
circuit of the invention, and battery voltage and discharge 
current. As shown in Figure 3, measurement means 211 uses 
a voltmeter v .to measure the voltage with the battery in an 
open state, with no load. The measurement is conducted a 
plurality of times at fixed time intervals, A trigger signal 
circuit, timer and counter are connected as shown in Figure 
3, to carry out the open voltage measurement n times at the 
fixed time intervals . 

[00 61] Figure 4 shows a circuit for measuring current, 
voltage during discharge according to the invention, and 
battery voltage and discharge current. The measurement means 
212 that is used for this has a voltmeter and ammeter connected 
to the battery, and to measure the battery voltage a plurality 
of times at fixed time intervals, a trigger signal circuit/ 
a timer, a counter and a pulse-discharge generation circuit, 
connected as shown. Voltage Bl of the subject battery is 
measured. The subject battery is discharged at a fixed time 
tbl and the resulting decreased voltage B2vl is measured. 
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[0062] The subject battery is thus discharged at fixed 
time intervals and the resulting voltage B2vl, B2v2, . . . , B2vn 
is measured. After the elapse of n fixed time intervals, 
the subject battery return voltage B4vl, B4v2,.,., B4vn' 
5 returned at the fixed time intervals is measured- Also 
measured is the battery discharge current B3il, 
B3i2, . . . / B3in" discharged at the fixed time intervals. 
[0063] Figure 5 shows a circuit for measuring current, 
voltage and time during constant current, constant voltage 

10 discharge according to the invention, and battery voltage 
and discharge current. The measurement means 212 Lhat is 
used for this has a voltmeter and ammeter connected to the 
battery, and to measure the battery voltage at fixed time 
intervals, a trigger signal circuit, a timer, a counter, a 

15 constant current, constant voltage discharge circuit and a 
time measurement circuit , connected as shown. First, voltage 
CI of the subject battery is measured. Then, a fixed voltage 
Vcl is set that is determined according to the battery type 
and rated voltage, and the time C2 it takes the subject battery 

20 to attain the voltage Vcl is measured. Starting from the 
initiation of the discharge, the battery discharge current 
C3il, C3i2,.,., C3in discharged at fixed time intervals is 
measured. The time C2 is determined by battery type, rated 
voltage, and so forth. 

25 [0064] Figure 6 shows a circuit for measuring current and 
voltage during constant current, constant voltage charging 
according to the invention, and battery voltage and charge 
current. The measurement means 213 that is used for this 
has a voltmeter and ammeter connected to the battery, and 

30 to measure the battery charge voltage at fixed time intervals, 
a trigger signal circuit, a timer, a counter and a constant 
current, constant voltage charging circuit, connected as 
shown. First, voltage Vdl of the subject battery is measured. 
This is followed by measurement of charge voltage Dlvl, 

35 Dlv2,..., Dlvn charged at a fixed time interval tdl that is 
determined according to the battery type and rated voltage. 
Also measured is the charge current D2il, D212, D2in' 
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flowing in the subject battery. 

T0065] Figure 7 shows a circuit for measuring current, 
voltage and time during constant current, constant voltage 
charging according to the invention, and battery charge 
voltage and charge current. The measurement means 213 that 
is used for this has a voltmeter and ammeter connected to 
the battery, and to measure the charge voltage at fixed time, 
intervals, a trigger signal circuit, a timer, a counter, a 
constant current, constant voltage charging circuit and a 
time measurement circuit, connected as shown. First, voltage 
El of the subject battery is measured* Then, a fixed voltage 
Vel is set that is determined according to the battery type 
and rated voltage, and the time E2 it takes the subject battery 
to attain the voltage Vel is measured. Next, the battery 
charge voltage E3il,. E3i2, . . . , E3in charged at a fixed time 
interval tel is measured. The time E2 is determined by battery 
type, rated voltage, and so forth. 

[0066] Figure 8 is a diagram of a circuit for measuring 
the internal and surface temperature of a battery, according 
to the invention. As shown, the measurement means 214 that 
is used to measure the internal and surface temperature of 
a subject battery has a thermistor provided in proximity to 
the battery, affixed, for example, by an adhesive, and an 
ohmmeter connected to the thermistor, to measure the 
resistance of the subject battery. A trigger signal circuit, 
timer and counter are connected to the ohmmeter to enable 
the resistance of the subject battery to be measured at a 
plurality of points at fixed time intervals. 
[0067] The measurements made using measurement means 211 
to 214 are denoted simply as v n", Nx n"', V*, the "n" being 
a number that differs depending on the type and rated voltage 
of the battery, and the type of measurement; the number can 
be increased or decreased as desired, even when the same 
measurement method is used. 

[0068] Returning once again Lo Figure 2, the temporary 
storage means 215 is used to temporarily store the results 
of measurement of the cycle test battery 21 and the subject 



- 22 - 

battery 22 by the measurement means 211 to 214 ♦ Measurements 
of the cycle test battery 21 are conducted at a plurality 
of ambient temperatures until the battery end of life, and 
the results are stored. Then, table generation means 216 
5 uses the results to generate tables for each of the 
. measurements, and the tables are stored in a tabic storage 
means 217. 

T0069] The subject battery 22 is measured by the 
measurement means 211 to 214 and the results are stored in 
10 the temporary storage means 215. The data that were stored 
in the temporary storage means 215 are calculated by an 
arithmetic calculation means 218 and stored in a calculated 
results storage means 219. 

[0070] A primary determination means 22 0 performs a 
15 determination on the calculated results that is based on the 
locations of the results in the tables. The primary 
determination means 220 compares data obtained by the various 
measurement means with the data in the tables, and the results 
of this determination are stored in a primary determination 
20 results storage means 221. Based on the results stored in 
the storage means 221, a secondary determination means 222 
stochastically determines the present charge amount and 
degradation state of the subject batt ery 22 . The results 
produced by the secondary determination means 222 are output 
25 by an output means 223 to the display of an elecLronic 
apparatus, to thereby show the present charge amount and 
degradation state numerically, or as a percentage, or 
graphically or the like* 

[0071] Figure 9 is a flow chart for explaining the 

30 invention. Figure 10 is a diagram for explaining a 
determination table according to the invention, produced 
using the results of measurement by the open voltage 
measurement means* The open voltage determination table of 
Figure 10, which is based on open voltage measurements of 
35 the cycle test battery 21 until the battery end of life 
conducted at temperatures of below 10°C, from 10°C to less 
than 40°C, and at or above 40°C, makes it possible to determine 
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the present charge amount (Rsoc) and degradation state (CYC) . 

[0072] The steps of determining the current amount of the 
charge in the subject battery 22 will now be explained with 
reference to Figures 2, 9 and 10. Battery ■ measurement is 
started (Step 912) . The system checks whether the battery 
is a subject battery 22 or a cycle test battery 21 {Step 912) , 
Xf a control means (not shown) determines that the battery 
is a subject battery 22, each type of measurement relating 
to the subject battery 22 is performed (Step 913) . 

[0073] If in Step 912 the control means determines that 
the battery is not the subject battery 22, measurement of 
the cyc3 e test battery 21 is started (Step 914 ) and the various 
measurements of the cycle test battery 21 are carried out 
by the measurement means 211 to 214 until the battery end 
of life, and the results are used by the table creation means 
216 to generate the respective tables (Step 915), which are 
stored in the table storage means 217 as tables 1 to 12 (Step 
916) , 

[0074] In Step 913, if the battery measurements have been 

done, arithmetic calculations are carried out based on the 
measurement data. At least twelve types of arithmetic 
calculations are carried out. The control means checks to 
ascertain whether or not all of the arithmetic calculations 
have been carried out (Step 917, if all measurements have 
been selected) . If it is determined that the arithmetic 
calculation means 218 has not completed all the arithmetic 
calculations, the process returns to Step 913 to implement 
the measurements of the subject battery 22. 

[0075] The control means compares the calculated results 
of the subject battery 22 measurements to the data of tables 
1 to 12 generated from the measurements of the cycle test 
battery 21 (Step 918). The calculated results relating to 
the open voltage of the subject battery 22 are, for example, 
used to produce the open voltage determination Table 1 shown 
in Figure 10. The results of a plurality of open voltage 
measurements of the subject battery 22 conducted at 
temperatures of below 10°C, from 10<>C to less tlian 4 0°C, and 
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at or above 4 0»c, are compared with the open voltage 
determination Table 1 data, which show the relationship 
between prescribed charge amounts and degradation states 
based on measurements conducted on cycle test batteries at 
5 predetermined time intervals substantially until the battery 
end of life. Take, for example, a calculated result in the 
temperature range of 10°C to less than 40°C that is assumed 
to be 4 . 12V. In Table 1, there are two locations corresponding 
to 4.12V, in a present charge amount range of 80% or more 

10 and a degradation range of 20% or less. 

[0076] Determination results are given a point rating 
based on the location in Table 1. Let us assume a rating 
of 90 or more points in the case of the above locations in 
Table 1. The control means checks the points ratings of the 

is table positions to examine how many points are to be assigned 
to the subject battery 22 (Steps 919, 920, 921) . The control 
means checks whether the subject battery's points from all 
twelve tables have been added together (Step 922) . The point 
numbers described above are just an example, and can be 

20 changed as desired in accordance with the intended battery 
application and other such factors. Using more tables results 
in a more accurate evaluation of the charge amount and 
degradation state. This being the case, using a points rating 
makes it possible to readily use means such as a computer 

25 to carry out an objective evaluation. As shown in Figure 
1, twelve tables are used for a primary determination. Other 
determination tables can be produced in the same way as the 
one shown in Figure 10, to show the relationship between 
prescribed charge amounts and degradation states based on 

30 measurements conducted on cycle test batteries at 
predetermined time intervals until the battery end of life. 
If more tables are used to improve the accuracy, the batteries 
can be readily evaluated by giving points ratings to table 
locations and calculating averages, probabilities and so 

35 forth. If, for example, a battery was measured and it was 
found to have a point average (based on the points from 
multiple tables) of 70 points, it could be determined that 
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the battery was not suitable for industrial use but was 
suitable for consumer applications. The above embodiment 
has been described with reference to being able to produce 
twelve tables. However, because batteries are constituted 
of chemical substances, there are variations from lot to lot, 
and even from individual battery to battery. In the face 
of such variation, using the averages of points determined 
according to determination table location is a way of 
implementing battery evaluations that are more correct. 
[0077] The control means outputs the results of a 
secondary determination of the added points, point averages, 
results with high-percentage probabilities and the like, and 
the table data (Steps 924, 925) . The output is shown in a 
display portion as the present charge amount and degradation 
state, shown numerically, or as a percentage, or graphically 
or the like, with respect to the determination table of Figure 
1 0 and the primary determination method, various methods can 
be used in addition to those described . Because evaluaLions 
of the present charge amount and degradation state of a 
battery are shown as numbers of points according to the 
determination table location, the control means can readily 
also evaluate the charge amount and degradation state 
according to average points, probability and so forth, 
[0078] The arithmetic calculation according to the 

measurement methods of Figures 3 to 8 will now be described. 
Using the method of Figure 3 for measurements on a subject 
battery, the average of the measurements conducted at each 
of the fixed time intervals is obtained. That is: 

Aave - (Al i A2 + , . . . , An) /n 

[0079] The average voltage value during open voltage 

measurement determines the location in the open voltage 
determination Table 1 of Figure 10. If the average value 
below 10°C is 3.5V, for example, in Table 1 the locations 
for 3.5V gives a present charge amount (RSOC) of 20% to less 
than 40% and a degradation state of less than 10% or 20%. 
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In this way, the present charge amount (RSOC) and degradation 
state (CYC) of the subject battery can be known by measuring 
the average open voltage of the battery. 

[0080] When there are not many measurement results, the 
present charge amount (RSOC) and degradation state (CYC) is 
not accurate, so a plurality of different measurement methods 
are conducted and all the results used for an overall 
determination. Therefore, increasing the number n of 
measurements at fixed time intervals in the case of one 
measurement, or increasing the number of different 
measurement methods used, enables the presenL charge amount 

(RSOC) and degradation state (CYC) of the subject battery 
to be estimated with better accuracy. 

[0081] The direct current resistance BZ of the subject 

battery is calculated from the battery voltage B2vl, B2v2, „ . . , 
B2vn during constant current discharge and discharge current 
B3il, B3i2, . . . ,B3in" measured at fixed time intervals by the 
method of Figure 4. That is: 

BZ = (B2vl -f B2v2 B2vn) / [ (B3il + B3i2 + 

+ B3in) /n] 

[0082] A Table 2 (not shown) of direct current resistances 
BZ based on cycle test battery measurements conducted in a 
fixed temperature environment is generated. 
[0083] The above formula is used to calculate the direct 
current resistance BZ of the subject battery, Table 2 is 
examined to find the location corresponding to the result, 
and the present charge amount (RSOC) and degradation state 
(CYC) are estimated based on the temperature at which the 
subject battery was measured and the location ot the 
calculated results in Table 2. 

[0084] The rate of discharge voltage decrease BRT is 
calculated from the battery voltage B2vl, B2v2, . B2vn 
measured at fixed time intervals during constant current 
discharge by the method of Figure 4. 
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BRT = (B2vl - B2vn)/[tbl x (n - 1) ] 

[00851 Here, tbl is the fixed time interval. 
[0086] A Table 3 (not shown) of rates of decrease BRT based 
5 on cycle test battery measurements conducted in a fixed 
temperature environment is generated. The above formula is 
used to calculate the rate BRT of the subject battery. Table 
3 is examined to find the location corresponding to the 
calculated result, and the present charge amount (Rsoc) and 

10 degradation state (CYC) are estimated based on the 
temperature at which the subject battery was measured and 
the location of the calculated results in the table- 
[0087] The return-up voltage BU following the termination 
of the discharge is calculated from the return voltage B2vl, 

15 B2v2,..., B2vn measured at fixed time intervals after the 
termination of constant current discharge by the method of 
Figure 4 , 

BU = B4vn' - B2vn 

20 

[00881 A Table 4 (not shown) of BU voltages following 

termination of discharge based on cycle test battery 
measurements conducted in a fixed temperature environment 
is generated- The above formula is used to calculate the 

25 voltage BU of the subject battery. Table 4 is examined to 
find the location corresponding to the calculated result, 
and the present charge amount (RSOC) and degradation state 
(CYC) are estimated based on the temperature at which the 
subject battery was measured and the location of the 

30 calculated results in the table. 

[0089] The rate of rise of the return voltage BURT 

following the termination of the discharge is calculated from 
the battery return voltage B4vl, B4v2,-..., B4vn measured 
at fixed time intervals after the termination of constant 

35 current discharge by the method of Figure 4. 



BURT •- (B4vn' - B2vn) / [tb2 X (n' - 1)] 
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[0090] Here, tb2 is the fixed time interval . 

[0091] a Table 5 (not shown) of BURT rates following 
termination of discharge based on cycle test battery 
measurements conducted in a fixed temperature environment 
is generated. The above formula is used to calculate the 
BURT rate of the subject battery. Table 5 is examined to 
find the location corresponding to Lhe calculated result, 
and the present charge amount (RSOC) and degradation state 
(CYC) are estimated based on the Lemperature at which the 
subject battery was measured and the location of the 
calculated results in the table. 

[0092] in measurements made during constant current, 
constant voltage discharge using the measurement method shown 
in Figure 5, the time C2 it takes the voltage to fall to an 
arbitrary level (which differs according to battery type 
and/or rated voltage, etc.) is measured. A Table 6 (not shown) 
of C2 times based on cycle test battery measurements conducted 
-in a fixed temperature environment is generated. As in the 
above, time C2 in the case of the subject battery is measured 
and Table 6 is examined to find the location corresponding 
to the measured time C2, and the present charge amount (RSOC) 
and degradation state (CYC) are estimated based on the 
temperature at which the subject battery was measured and 
the location of the measured result in the table. 
[0093] The time C2 in the measurements conducted during 
constant current, constant voltage discharge using the 
measurement method shown in Figure 5, is used to measure the 
discharge current C3il, C3i2,..., C3in discharged at fixed 
time intervals. A Table 7 of C31n values based on cycle test 
battery measurements conducted in a fixed temperature 
environment is generated. As in the above, the C3in in the 
case of the subject battery is measured, Table 7 is examined 
to find the corresponding location, and. the present charge 
amount (RSOC) and degradation state (CYC) are estimated based 
on the temperature at which th subject battery was measured 
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and the location of the measured result in the table. 
[0094] The time C2 In the measurements conducted during 
constant current, constant voltage discharge using the 
measurement method shown in Figure 5, is used to measure the 
discharge current C3il, C3i2, . . C3in discharged at a fixed 
time interval (tel), and the measurement results are used 
to calculate the rate of current decrease CRT ♦ 

CRT = (C3il - C3in)/[tcl x (n - 1)] 

[0095] A Table 8 of CRT rates based on cycle test battery 
measurements conducted in a fixed temperature environment 
is generated. As in the above, the CRT rate of the subjecL 
battery is calculated, Table 8 is examined to find the 
corresponding location, and the present charge amount (RSOC) 
and degradation state (CYC) are estimated based on the 
temperature at which the subject battery was measured and 
the location of the measured result in the table. 
[0096] Charge current and charge voltage are measured each 
time the charge current was changed at fixed time intervals 
during constant current, constant voltage charging, using 
the method of Figure 6. Dlvl, Dlv2, Dlvn and D2il, 
D212,..., D2in' are used to calculate direct current 
resistance DZ . That is: 

DZ = Dlvn/Dlin' 

[0097] a Table 9 of direct current resistances DZ based 
on cycle test battery measurements conducted in a fixed 
temperature environment is generated. The direct current 
resistance DZ of the subject battery is calculated in the 
same way, Table 9 is examined to find Lhe location 
corresponding to the result, and the present charge amount 
(RSOC) and degradation state (CYC) are estimated based on 
the temperature at which the subject baLLery was measured 
and the location of the measured results in Table 9. 
[0098] In measurements made during constant current, 
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constant voltage charging using the measurement method shown 
m Figure 7, the time E2 it takes the voltage Lo fall to an 
arbitrary level (which differs according to battery type 
and/or rated voltage, etc.) is measured. A Table 10 (not 
shown) of E2 times based on cycle test batLery measurements 
conducted in a fixed temperature environment is generated. 
As in the above, time E2 in the case of the subject battery 
is measured and Table 10 is examined to find the location 
corresponding to the measured time E2, and the present charge 
amount (RSOC) and degradation state (CYC) are estimated based 
on the temperature at which the subject battery was measured 
and the Jocation of the measured result in the table. 
[0099] The time E2 in the measurements conducted during 
constant current, constant voltage charging using the 
measurement method shown i„ Figure 7, is Used to measure tne 

discharge current E3il, E3i2 E3 in discharged at a fixed 

time interval (tel) . The results of these measurements are 
used to calculate the rate of charge current decrease ERT. 

ERT = (E3il - E3in)/[tel x (n - 1)] 

[0100] A table of ert rates based on cycle test battery 
measurements conducted in a fixed temperature environment 
is generated. As in the above, the ERT rate in the case of 
the subject battery i s calculated, the table is examined to 
find the corresponding location, and the present charge 
amount (RSOC) and degradation state (CYC) are estimated based 
on the temperature at which the subject battery was measured 
and the location of the measured result in the table. 
[0101] The time E2 in the measurements conducted during 
constant current, constant voltage charging by the method 
shown in Figure 7 is used to measure the discharge current 
E3il, E3i2,..., E3in discharged at a fixed time interval. 
A Table 12 of E3in values based on cycle test battery 
measurements conducted in a fixed temperature environment 
is generated. As in the above, the E3.ln in the case of the 
subject battery is measured, Table 12 is examined to find 
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the corresponding location, and the present charge amount 
(RSOC) and degradation state (CYC) are estimated based on 
the temperature at which the subject battery was measured 
and the location of the measured result in the table ♦ 
5 T0102] The ambient temperature T of the subject battery 
is measured at fixed time intervals by the method of Figure 
8, and the average temperature Tavg of the measurements at 
Tl, T2,..., Tn are calculated. 

10 Tavg = (Tl, T2 f ...„ Tn) /n 

[0103] This average temperature is used as the temperature 
at which the subject battery was measured in estimating the 
present charge amount (RSOC) and degradation staLe (CYC) 

15 based on result locations in Tables 1 Lo 12. 

[0104] Tables 1 to 12 and the program lor the method used 
to measure the subject battery are stored in a storage medium. 
The storage medium, sold or provided by battery retailers, 
can be used through battery purchasers Lo accurately gauge 

20 the charge amount and degradation state of their batteries. 
The tables and program can be made downloadable so that 
battery stores and the like can download the program to their 
information processing system. The tables and program can 
be provided free or sold to enable them to be obtained, 

25 together with a measurement apparatus, by anyone wishing to 
know a battery's charge amount and degradation state. The 
program and the table can also be stored in read-only memory 
(ROM) , An electronic apparatus or information processing 
apparatus that includes the ROM and measurement apparatus 

30 also can be used to ascertain the charge amount and 
degradation state ♦ 

[0105] it is to be understood that the invention is not 
limited to the embodiments described in the foregoing. 
Instead, the design can be modified in various ways, within 
35 the claimed scope of the invention. Of the Tables 1 to 12, 
only Table 10 is shown, since the data concerned differs 
depending on the type and rated voltage of the battery 
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concerned. However, as in the case of Table 10, tables showing 
relationships between prescribed charge amounts and 
degradation states can be generated based on data obtained 

s ZtTl^T tSSt batteries at time intervals 

5 until the hattery end of life. 

[0106] a represents a number arbitrarily determined 
according to battery type and rated voltage, and the 
measurement methods used. The configurations shown in 
Figures 2 to 8 can used conventional means to attain their 

roio^' '° ? talled des ~ iptions tb«.of have been omitted. 
10107] The present invention i s provided to resolve 
existing problems. It does this by providing the ability 
to quickly confirm the charge amount and degradation state 
of a battery. For this, measurements of cycle test batteries 
are earned out at predetermined time intervals substantially 
until battery end of life, and the measured values are used 
to generate determination tables showing relationships 
between prescribed charge amounts and prescribed degradation 
states that enable the amount of the charge in a subject 
20 battery to be predicted and the degradation state to be 
estimated in just a short time, such as by using a single 
measurement, for example. 

10108] By making it possible to determine the degradation 
state of batteries old and new, the invention can help prevent 

25 problems arising between battery retailers and their 
customers. it also makes it possible ascertain whether a 
battery used in an electronic instrument has enough life to 
complete a task, and therefore helps to conserve resources 
and prevent hazards caused by waste batteries 

30 [0109] The electronic apparatus of the invention can 
include a ROM containing the program of the method together 
with determination table data on which are based 
determinations relating to charge amount and degradation 
state of a battery. A portable such apparatus provided with 

«5 the ROM could be used to show the predicted present charge 
amount and estimated degradation state on the display of the 
apparatus. 



